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Nearly 40% of the Egyptian workforce is employed in agriculture. The cotton industry relies on children
and adolescents, who work seasonally, to apply pesticides to the cotton crops. Although previous
research has examined adult pesticide exposures in this workforce in Egypt, no research has examined
the health effects in adolescents. This study attempts to systematically replicate findings examining the
impact of organophosphate pesticide (OP) exposure in adults on Arabic speaking children working as
applicators. The aim of this study was to examine the impact of pesticide exposure on children and
adolescents spraying cotton fields. Male children currently applying pesticides between the ages of 9 and
15 (Younger, n=30) and 16 and 19 (Older, n=20) were recruited for the study. They completed a
neurobehavioral test battery; personality inventory; work, health, and exposure questionnaires; and
medical and neurological screening exams. Blood samples were collected to measure acetylcholinester-
ase. Children not working in agriculture, matched on age and education, served as controls. Both Younger
and Older applicator groups, performed significantly worse than the controls on the majority of
neurobehavioral tests controlling for age and years of education. The applicators reported significantly
more neurological symptoms than the controls and had lower acetylcholinesterase activity. A dose-effect
relationship demonstrated that increased years of exposure to organophosphate pesticides is associated
with cognitive deficits. This is one of the several studies demonstrating that functional cognitive effects
are positively correlated with increased years of exposure to OP pesticides, though primarily in adult
populations, building confidence in the association. Since children around the world are exposed to OP
pesticides, these studies suggest that the need to evaluate this potential problem is urgent.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Adult pesticide applicators and workers who were poisoned by
or had high exposures to OP pesticides have reported a broad range

Agriculture is the largest employer in Egypt, employing nearly
40% of the Egyptian workforce (Andersen, 2003). The cotton crop is
the primary agricultural product and is highly regulated by the
Egyptian Ministry of Agriculture (Rizk, 1999). Pesticides, including
organophosphorus pesticides (OPs), are used in Egypt on the cotton
crop with large quantities being applied relative to other crops
(Mansour, 2004). Children and adolescents work seasonally in the
cotton fields applying pesticides.
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of non-specific and neurological symptoms, demonstrated neu-
ropsychological deficits and personality changes, and had acet-
ylcholinesterase (AChE) inhibition associated with exposure to
those pesticides. Non-specific symptoms following high exposures
have included headache, dizziness, fatigue, weakness, nausea,
chest tightness, and difficulty in breathing {(Kamel and Hoppin,
2004).

Workers exposed to OP pesticides also demonstrate neurobe-
havioral deficits on response speed and coordination, sustained
attention, visual perception and memory, and complex functioning
{Kamel et al,, 2003). These studies found that an increasing degree
of neurobehavioral deficits were associated with more years
working in agriculture and handling pesticides (Rohlman et al,,
2007; Roldan-Tapia et al, 2005). An increase in neurological
symptoms and neurobehavioral deficits in verbal abstraction,
visuomotor speed, problem solving, attention, and memory was
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shown in adult pesticide workers in Egypt compared to controls
(Farahat et al., 2003).

There has been concern about the impact of pesticides on
children and adolescents. Children are considered to be more
vulnerable due to the significant anatomical and maturational
changes occurring in the brain during developmental periods
including adolescence {Andersen, 2003), and also the increasing
findings of animal studies indicating neurodevelopment effects of
pesticides (Johnson et al., 1998; Moser and Padilla, 1998). Although
several studies have examined children who live in agricultural
communities or whose parents work in agriculture (Handal et al,,
2007; Rohlman et al., 2005), only a few studies have examined
adolescents who are currently working in agriculture. Adolescent
farm workers in Brazil had motor and attention deficits associated
with an exposure index derived by interview (Eckerman et al,,
2007). US adolescents working in agriculture had significantly
worse performance than adolescents not working in agriculture in
attention, memory and visuomotor domains {Rohlman et al., 2001)
and increased years working in agriculture and applying pesticides
was also associated with neurobehavioral performance deficits in
adolescent workers (Rohlman et al,, 2007).

This study examined neurobehavioral performance in children
seasonally exposed to OP pesticides to test the hypothesis (suggested
by Kamelet al., 2003; Rohlman etal., 2007; Roldan-Tapiaetal., 2005)
that increasing exposure to OP pesticides is associated with
progressively larger neurobehavioral deficits, in a population likely
to have higher exposure than those previously studied.

2. Methods
2.1. Participants

This study was conducted from June to August 2005, during the
pesticide application period to the cotton crop. It was carried out at
Shebin Elkom District, Menoufia governorate, Egypt. During this
time, the local agricultural office hired approximately 10 children
from each village to apply pesticides to the cotton crop under the
supervision of adult engineers and agricultural employees. Five
villages out of 50 from the Shebin Elkom District were randomly
chosen to recruit children working as pesticide applicators as study
participants. Male children between the ages of 9 and 18 years
currently working as applicators were invited to participate in the
cross-sectional study. These children were seasonal workers that
spray pesticides inthe cotton fields with backpack applicators. There
were a total of 56 children working in these 5 villages. Six children
declined to participate, yielding a response rate of 89.3%. A control
group of children who had never worked in the cotton fields were
selected from the friends and relatives of the applicator children.
These children lived in the same community as the children who
were applicators and attended the same schools. The applicator and
control children were divided by age into two groups, Younger {9-15
years of age) and Older (16-18 years of age).

2.2. Pesticide application

The pesticide applications for the cotton crop are highly
regulated in Egypt and the Ministry of Agriculture has specific
guidelines that are followed throughout the country. Each cotton
field in Egypt is subject to four application cycles per season and
each application lasts 5-11 days: Cycle (1) Bacillus thuringiensis (a
natural occurring bacterium that is harmful to insects but not
humans); Cycle {2) Pestban (chlorpyrifos) OP application; Cycle (3)
Pyrethrins or a less potent carboxylate; and Cycle (4) Dursban
(another formulation of chlorpyrifos). There is approximately a
week of no spraying between the four application periods and the

total working days for the children were approximately 30 days.
This schedule of pest management has been followed rigidly for
over 10 years. The typical workday was from 8:00am. to
12:00 p.m. and then from 3:00 p.m. to 7:00 p.m., 6 days per week.
Organophosphate pesticides were applied during the second and
fourth cycles, from the end of June through the first week of July
and during the second week of August.

Agremond backpack sprayers that hold 20 L are worn by the
applicators to apply the pesticides. Spraying was carried out by a
team of seasonal workers consisting of 7-12 applicators. Appli-
cators are trained by the supervisors to use the backpack sprayers
on their first day of work. For the applicators, the typical workday
begins at the local agricultural office to receive the backpack
sprayers and pesticides. The amount of pesticides applied varies
each day depending on the size of the fields to be sprayed and the
degree of pest infestation in the fields. Once in the fields, an
engineer from the local agricultural office prepares the mixture
and loads the backpack sprayers. He also supervises the application
process throughout the day. The sprayers are reloaded multiple
times during the day until the spraying is completed. Beside the
engineers, there are also assistants, and mechanics in the field to
oversee the application and maintain the equipment.

Although some personal protective equipment {PPE) is avail-
able at the local agricultural office and the applicators have access
to it, there are no regulations in Egypt requiring PPE, there is no
formal training on its use and it is not commonly used by the
applicators. Some wear dust masks and safety glasses to prevent
splashes, but this was not the norm in 2005. The main routes of
exposure are dermal exposure and inhalation,

2.3. Procedures

Written consent was obtained from the children and their legal
guardian. The study was reviewed and accepted by the Medical
Ethics committee of the Faculty of Medicine, Menoufia University
on July 13, 2005. The children were examined at the end of the
workday in a clinic near to their resident villages during the last
week of the spraying season.

The children, with the assistance of their parents, completed a
questionnaire describing their medical and work history, including
information about their exposure to pesticides. A detailed clinical
medical examination and a complete neuroclogical examination
were administered by specialists. Five milliliters of blood was
drawn from all participants and serum AChE was determined
according to Weber (1966) using standard kits (Test-combination
Boehringer Mannheim GmbH Diagnostica). Serum or plasma AChE
was selected because it is a better short-term indicator of
cholinesterase inhibition than red blood corpuscles (RBCs) AChE
due to its more rapid response to exposure; it is used as an
indicator of recent, acute exposure to cholinesterase inhibiting
pesticides. Also, because the primary pesticide being applied is
chlorpyrifos, which has a preferentially inhibiting effect on serum
AChE rather than RBC AChE (Furman, 2006).

Age appropriate versions of the Wechsler Adult Intelligence Scale
{WAIS) that were validated in an Arabic speaking population were
used to assess neurobehavioral function (Table 1; Abdel-Khalek,
1994). A subset of the tests, Information, Similarities, Arithmetic,
and Block Design, had different versions for children{ <15 years)and
adults (>15 years) participants. The remaining tests in the battery,
Digit Span, Benton Visual Retention Test {BVRT), and Trail Making,
do not have separate versions for adults and children. Better
performance is evaluated by higher scores obtained on tests of
Information, Similarities, Arithmetic, Digit Symbol, Block Design,
Digit Span, and the Benton Visual Retention Test. In contrast, lower
latencies or time to complete Trail Making A and B indicate better
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Table 1
Name of neurobehavioral test, function, and brief description of the items
Tests Function Deéseription
Information Information and intelligence 30 general information questions for children and 25 for adults
Similarities Ability to concentrate, abstract 16 pairs of words for children and 12 pairs for adults
thinking and intelligence
Arithmetic Attention and concentration 16 combined oral and written items for children and 10 for adults

Block Design Spatiat relations
DPigit Span (Forward, Reverse, Total)
Digit Symbeol

BVRT

Short:term auditory memory
Perceptual memory speed
Short-term visual memory

Trail Making (A and B) Attention, visual conception

Children construct designs using 9 blacks and 10 cards and adults usé

16 blocks and 9cards

Sets of thiee to nine digits, the fongest string of digits repeated is the score
90 5 to fill in blank squares with correct symbol that matches a digit
Participant had 105 to look at a card, then after 15 s interval is asked to
reproduce the drawing

Draw a line connecting numbers to numbers (Trail A) and letters to numbers
inthe correct order (TrailB)

performance. Examiners were blind to the status of the participant
as applicator or control. The Eysenck Personality Questionnaire
(EPQ) was used to measure personality. It is formed of 90 questions
that assess four aspects of personality; psychoticism, neuroticism,
extraversion, and criminality (in addition to the lie scale). A child
version was used for participants <15 years old.

2.4. Statistical analysis

SPSS Version 14.0 was used to analyze the data. The t-test was
used to examine the differences between means, the y?-test was
used to examine the differences between percentages, and
Pearson’s correlation was used to examine the correlation between
quantitative variables. Holm’s correction of p-values was used to
adjust the level of significance (Holm, 1979). Multiple linear
regression was used to estimate difference in average performance
for control and applicator participants while adjusting for effects of
age and education. The difference in performance between these
two groups was adjusted to reflect a 13-year-old individual with 6
years of education and a body mass index (BMI) of 21.7 for Younger
participants or a 17-year-old individual with 9 years of education
and a BMI of 25.1 for Older participants. A second multiple linear
regression model was constructed to estimate the partial correla-
tion of NB performance with days worked this season, years
worked and AChE, controlling for age, and its interaction with all of
these variables.

3. Results
3.1. Demographic characteristics

There were no significant differences on age, years of education
or smoking between the applicator and control groups in both the

Table 2

Younger and Older children. However, for the Older children the
body mass index of the control children (% = 26.9; S.D. = 4.1) was
significantly higher than that of the applicator children
(R=23.2+006)(t=3.6; p<0.05).

3.2. Duration of work and AChE

The applicator children reported working as pesticide applica-
tors an average of 5 years (range of 1-9 years). During the current
application season they reported working between 3 and 30 days
with an average of 20 days. There was no significant difference in
days worked during the current season between the Younger
applicators (X = 19.6; S.D. = 8.6) and Older applicators {x = 21.4;
S.D.=6.7) (t=0.8; p>0.05). However, the Older participants
reported working significantly more years (X = 7.2; S.D. = 1.5) than
the Younger participants (X = 3.5; S.D.=1.6) (t=3.7; p <0.001).
Acetylcholinesterase was measured in both the applicator and
control groups. A significant lower activity level of AChE was found
in the applicator group (X = 239.8; S.D. = 60.0 IU/L) compared to
the control group (X = 283.1; S.D.=61.6 IU/L) (t = 3.6; p < 0.05).

3.3. Neurobehavioral performance

The applicator groups had significantly impaired neurobeha-
vioral performance (NB) on all of the measures compared to the
control groups (Tables 2 and 3). The effect sizes ranged from small
(0.2) to large (0.8), using Cohen’s classification {1988). After
accounting for age and education there was no significant impact
of BMI on predicting neurobehavioral performance. The impact of
age on modifying NB performance was examined on the tests that
were the same for both groups {Digit Span, Digit Symbol, BVRT,
Block Design, Trail Making A and B). Age had a significant impacton
the BVRT and Digit Span test. For the BVRT, there was a significant

Neurobehavioral performance in the Younger (9-15 years) applicator (n = 30) and control (n = 30) groups

Adjusted mean? (S.E.) B coefficient 95%CL p-Value? Effect size

Applicator Control
Information 209(04) 234(04) .25 371013 =0.001 05
Arithmetic 6.2 (06) 87(06) .25 _42t0 .09 0.02 04
Similarities 181103 20803 =27 =36 t0 17 =0.001 10
BVRT 4.4(0.3) 5.9 (03) =15 =23 1o =06 0.01 06
Digit Span Forward 54(0.2) 61(02) 07 1310 02 0.02 03
Digit Span Backward 47(0.2) 55(02) 09 151003 0.03 03
Digit Span Total 10.1(04) 11,7 (04) 16 _27to 05 0.02 03
Block Design 332(10) 400 (1.0) ~638 “96to0 39 <0.001 06
Trail Making A 554 (1.0) 488 (1.0) 66 4.8 to 104 <0.001 13
Trail Making B 108.7(14) 1043 (15) 45 031086 0.04 13

2 Adjusted to reflect mean performance for a 13-year-old person with 6 years of education and 21.7 BML
b Holm's corrected p-value, adjusted for 10 tests.
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Table 3
Neurobehavioral performance in the Older (16-18 years) applicator (n = 20) and control (n = 20) groups

Adjusted mean” (SE.) B coefficient 95% CL p-Value® Effect size

Applicator Control
Information 166 (04) 184(04) ~18 ~30¢to 06 0.005 0.1
Arithmetic 55(04) 9.11(04) 35 47t -25 <0.001 0.2
Similarities 159 (02) 189(02) =30 =36 t0-24 <0001 04
BVRT 46(02) 63(02) 17 22012 <0.001 02
Digit Span Forward 40(0.1) 59(0.1) 19 23t .16 <0.001 10
Digit Span Backward 35(0.2) 5.5(02) .20 L2510 15 <0.001 1.0
Digit Span Total 75003 11.3(03) 37 4510 30 <0.001 05
Block Design 183 (07) 261 (0.7) 77 _961t0 58 <0.001 0.1
Digit Symbol 252(08) 335(0.7) 84 10510 62 <0.001 0.4
Trail Making A 504 (0.8) 54.1(98) 63 41-86 <000t 03
Trail Making B 1188(12) 111901 68 35-101 <000t 0.1

2 Adjusted to reflect mean performance for a 17-year-old person with 9 years of education and 25.1 BML

b Holm's corrected p-value, adjusted for 11 tests.

interaction between exposure and age {(p < 0.001), for a participant
with 6.6 years of education, BVRT scores of the controls increased
0.3 units for each additional year of age, while decreasing 0.3 units
for each year of age among applicators. There was also a significant
interaction on the Digit Span test between exposure and age
{p = 0.001). For a participant with 6.6 years of education, Digit Span
scores of controls increased 0.2, 0.3, and 0.8 units for each
additional year of age for Digit Span Forward, Backward, and Total
scores, respectively, while decreasing 0.5, 0.4, and 0.6 units for
each year of age among applicators for Digit Span Forward,
Backward, and Total, respectively.

Both the Younger and Older applicators scored significantly
higher on the neuroticism (mean of 10.0 for both Younger and
Older, respectively) and extraversion scales (mean of 13.2 for both
Younger and Older, respectively) than the control participants
(mean of 9.2 for both Younger and Older on the neuroticism scale
and mean of 11.9 for both Younger and Older on the extraversion
scales).

3.4. Neurological symptoms

The neurological examination revealed an increase in neuro-
logical symptoms in the applicator group compared to the control
group. The x*-test demonstrated that significantly more partici-
pants in the applicator group had blurred vision (28%), dizziness
(24%), difficulty in concentration {24%), trouble in remembering
(24%), feelings of depression (26%), irritability (22.%), numbness
(18%), and fatigue (30.0%), compared to the control participants
(8%, 8%, 8%, 6%, 10%, 6%, 2%, and 10%, respectively) (p < 0.05). The

Table 4
Correlation (partial) of the neurcbehavioral performance with duration of work
(days worked in current season and years worked as an applicator) and AChE

same results were obtained when the Younger and Older groups
were analyzed separately.

Applicator children who report at least three of the following
neurological symptoms, blurred vision, dizziness, headache,
difficulty in concentration, trouble in remembering, difficulty in
understanding, feeling depressed and irritable, numbness, low
back pain, and fatigue, worked significantly more days (X = 27.4;
S.D. = 4.1) during the current season than applicator children who
report less than three symptoms (X = 16.7; S.D.=6.8) (t=6.0;
p < 0.001). Applicator children who report at least three of the
previously mentioned neurological symptoms also worked sig-
nificantly more years applying pesticides (X = 6.2; S.D. = 2.4) than
applicator children who report less than three symptoms (X = 4.3;
SD.=21)(t=3.0; p<0.05).

3.5. Correlation of neurobehavioral performance with AChE, duration
of work

Partial correlation of NB performance with the days worked this
season, years worked as pesticide applicators and AChE was
estimated by constructing a regression model controlling for age,
and its interaction with days or years worked (Table 4). A
significant correlation between the days worked during the
current season was found with performance on 6 of the 11
measures. The Information, Arithmetic, Similarities, BVRT, and
Block Design subtests had significant negative correlations and
Trail Making B had a significant positive correlation (p < 0.05).
Years worked as pesticide applicators showed a significant
correlation with 3 of the 11 measures, BVRT, Block Design, and
Trail Making (p < 0.05). A significant correlation between AChE
and 5 of the 11 measures was also found (Information, Digit Span
Forward, Backward, and Total, and Trail Making B; p < 0.05).

4. Discussion

Neurobehavioral tests r

Days worked Years worked AChE This study reveals significant health effects in children who
foration e o1 or wqu as pesticide applu}e}tors f:ompe}red ‘to control CllllQren.
Arithmetic g o1 03 Children who apply pesticides show impaired neurobehavioral
Similarities 05 04 02 performance, report more symptoms, and have lower AChE
BVRT 08" 0.2 0.1 activity levels than children from the same communities that do
Digit Span Farward 03 02 04 not apply pesticides. This study also shows a correlation between
Digit Span Backward =01 =02 04" d ked during th t ) d total . Kked as
Disit Span Total o2 00 o4 ays worked during the current season and total years worked as
Black Design a3 v 02 an applicator and the reporting of symptoms and neurobehavioral
Digit Symbol -04 0.1 -02 performance which provides evidence of a dose-response relation-
Trail Making A 0.1 02 -0l ship between exposure and both symptoms and neurchehavioral
Trail Making B 04 05" 03

*p < 0.05, **p < 0.001.

performance. The strong relationship between the exposure to
pesticides and decrement in the different functions of NB
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performance is also confirmed by the presence of significant
correlations between the days worked this season on 6 of the 11 NB
tests {(Information, Arithmetic, Similarities, BVRT, Block Design,
and Trail Making), while the years worked as an applicator had
significant correlations with 3 of the 11 NB tests (BVRT, Block
Design, and Trail Making B) after controlling for age, and its
interaction with the days and years worked. This confirms other
research results (e.g. Roldan-Tapia et al,, 2005), that also found a
significant relationship between the period of exposure and
working in applying OP pesticides and performance deficits and
increased neurological symptoms.

This is the first study in children to demonstrate a dose-
response relationship between functional cognitive effects, where
these functions are positively correlated with increased years of
exposure to OP pesticides. These findings confirm previous reports
of a relationship between increased years working in agriculture
and increased performance deficits found in adult and adolescent
workers {Kamel et al,, 2003; Rohlman et al., 2007; Roldan-Tapia
et al.,, 2005). The demands of the job require the adolescents to
work long days in hot and humid conditions. Although these could
contribute to an increased reporting of symptoms of fatigue and
irritability, other studies with adult populations report similar
findings (Farahat et al, 2003; Stallones and Beseler, 2002).
Furthermore, both the applicator and control participants are
used to working long hours in these conditions, which make it
unlikely that working conditions and not pesticide exposure are
the cause of the increased symptoms reporting in the applicator
children.

This decrement of neurobehavioral performance, and reporting
of more neurological symptoms in the applicator participants, is
consistent with a previous study that examined adult pesticide
workers in Egypt (Farahat et al, 2003) which found significant
deficits in complex visual-motor processing and executive func-
tion, verbal abstraction, attention and short-termm memory and
memory/problem solving/perception. The exposure of the adults
was similar to the current study and some of the measures were

the same across studies (Fig. 1). Other studies in Egyptian
populations comparing adult pesticide applicators to controls
have also reported increased neurological, neuromuscular, and
psychological symptoms (Amr, 1999), and psychiatric disorders
{Amr et al.,, 1997).

The applicator children show decreased BMI. Organopho-
sphates (OP) exposure has been reported to reduce food intake
(Campbell and Hayes, 1974) and may cause these differences.
However, an examination of the BMI of both the applicator and
control groups shows that it is within the normal range of 18.5-
22.5 (WHO, 1995). BMI was included as a covariate in the analysis
and was not found to impact performance on the neurobehavioral
tests.

Qur results also show that there was a significantly lower
activity level of AChE in the applicator children compared to the
control children. AChE is used as a biomarker for exposure to OP
pesticides (von Osten et al., 2004) and the states of Washington
and California require cholinesterase monitoring for pesticide
applicators. However, because of individual variability, these
require a baseline measure and a second measure to indicate a
significant depression in cholinesterase activity (Stefanidou et al.,
2003). In spite of this recommendation, there are several studies
that report only a single cholinesterase level and show a consistent
significant association between exposure to pesticides and
cholinesterase inhibition in farm workers. Nine studies investi-
gated the effect of pesticide exposure on AChE in pesticide
applicators. Three of them measured the AChE before and after
exposure and found a significant inhibition in its activity after
exposure (Abu Mourad, 2005; Ames et al., 1989; Ohayo-Mitoko
et al,, 1999). The other studies measured AChE at a single time
point and compared it with AChE from a control group. All studies
found AChE was significantly lower in the exposed participants
than the controls (Chadee and Le Maitre, 1991; Farahat et al., 2003;
Misra et al,, 1988; Patil et al,, 2003; Safi et al., 2005; Srivastava
et al., 2000). These findings were replicated in the present study.
There was also no significant difference in AChE between the
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Fig. 1. Neurobehavioral performance of the Older participants in the current study and adult participants from Farahat et al. (2003).
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Younger and Older participants either in the applicator or control
groups.

The applicator participants also reported more neurological
symptoms and scored higher on the personality traits of
psychoticism and neuroticism. These findings are similar to other
studies with adult workers (Farahat et al, 2003; Kamel and
Hoppin, 2004). Two studies in Egyptian populations comparing
adult pesticide applicators compared to the controls have
reported increased neurological, neuromuscular, and psycholo-
gical symptoms {Amr, 1999), and psychiatricdisorders (Amr et al,,
1997).

Applicator children who reported neurological symptoms
worked significantly more days than applicator children who do
not report these symptoms. They also worked more years than
children who do not report these symptoms. These results are
similar to studies with adults which found that increased time
spent working is associated with increased symptom reporting
(Farahat et al,, 2003; Kamel et al., 2003; Rohlman et al.,, 2007).

The association between the level of AChE and neurobehavioral
performance, was confirmed by presence of significant correla-
tions between the AChE activity level and the Information, Digit
Span and Trail Making tests. These findings address the concerns
raised by Roldan-Tapia et al. (2005), about the relationship
between NB performance and inhibition of AChE.

There are some limitations of the current study. First, exposure
was not limited a specific pesticide. Other pesticides and growth
enhancers are applied during the application period including
Pyrethroids and Agerin (a biological pesticide). Also, measurement
of AChE at only one time point after the spraying season does
not provide a measure of the AChE variability of individuals
(Stefanidou, 2005). However, these results provide information
about a dose-response relationship with duration of exposure and
increased impairment in children working as pesticide applicators.
They provide a first step as part of larger plan to develop
interventions and training to reduce pesticide exposure in
applicators.

5. Conclusion

This study showed that children and adolescents who apply
pesticides in the cotton fields have significantly lower neurobe-
havioral performance, report more symptoms and have lower
activity levels of serum AChE compared to a control group. The
neurobehavioral deficits demonstrated a dose-response relation-
ship between days and years of exposure and NB performance and
symptom reporting, Since children around the world are exposed
to OP pesticides, these studies suggest the need to evaluate this
potential problem is urgent.
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